Introduction
Despite extensive research efforts for more than a decade, the genetic basis of common human diseases remains largely unknown. Although there have been some notable successes. Cancer is a complex disease with multiple factors both genetic and environmental. Cancer is the second most common killer after cardiovascular disease in the world today (Ferlay et al., 2010) . 13% of all deaths worldwide are caused by cancer. 63% percent of cancer deaths in 2008 occurred in developing countries (Ferlay et al., 2010) . The projection of new cancer cases is expected to rise from 7.6 million in 2008 to 13 million in 2030 (World Health Statistics Report, 2012) . 70% of these cases by 2020 are expected to occur in developing countries (Sener and Grey, 2005) . Nevertheless, developing countries have taken major steps in cancer prevention. This has been reflected in decreased colorectal and breast cancer incidence over the years. Centers for Disease Control and Preventions (CDC) reported colorectal cancer incidence rates decreased among men and women from 1999 through 2008. Breast cancer incidence rates among women decreased from 1999 through 2004, and remained Cancer is a major health concern in the Middle East. Cancer is the fourth most common killer in the Middle East (Freedman, 2006) and the second cause of death in Jordan (Mortality Data in Jordan, 2008) reaching 14% of deaths (Al-Tarawneh et al., 2010) . Ismail et al. (2013) showed that although the incidence of cancer in Jordan is less than most developed countries; there is an overall increase in cancer incidence in females over the years (Ismail et al., 2013) . Recently, the World Health Organization predicted that the largest increase in cancer incidence in the next 15 years will be in the Middle East (http://www.emro.who. int/dsaf/dsa1002.pdf). The incidence to mortality rate ratio in the Middle East is 70% compared to 50% in the West. It is predicted that there will be a 40% increase in new cancer cases by 2020 (Rastogi et al., 2004; WHO, 2009) .
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Comparison of Population
The National Cancer Registry was established in 1996 in Jordan and has been a valuable resource for providing the incidence of cancer in Jordan (Ministry of Health, 2008) . It is predicted that the Jordanian population will increase from 6.3 million to 7.1 million by the year 2020. The number of diagnosed Jordanian cancer cases will increase from 5,110 in 2008 to 7,281 in 2020. The causes of this increase are unknown however future predications should be addressed to allow for planning for cancer care and its economic impact on Jordan.
Understanding cancer causes can be the first step towards setting prevention and early detection guidelines. Many factors can contribute to the complexity of understanding cancer which include growing proportion of elderly people, reduction in deaths due to communicable diseases, changes in lifestyle and increased exposure to cancer promoting substances. In addition to increased prevalence of tobacco use, changes in diet and decreased physical activity. Other factors are genetic which makes it difficult to distinguish between environmental and genetic factors for lack of the ability to isolate a population from another or to normalize circumstances. The National Cancer Institute has recognized the need to better define the cancer burden in racial/ethnic minorities and medically underserved populations. There are many reports that show evidence for differences in cancer rates in different ethnic populations e.g., http://www.haematologica.org/ cgi/content/full/96/7/1049; http://info.cancerresearchuk. org/cancerstats/inequalities/ Studies concerning the incidence of cancer in ethnic populations in the Middle East and developing countries are sparse. Jordan presents a unique case of three ethnic populations genetically isolated living in the same geographical area and environment (Barbujani et al., 1994; Bulayeva, 2006) . These three populations are: 1. Arabs; the original inhabitants, 2. the Circassians and 3. the Chechans. The Circassians and the Chechans immigrated to Jordan 140 years ago. They have since then maintained genetic isolation in the sense that there is limited intermarriage with any other ethnic group (Kailani, 2002) . In their respective countries of origin they were also genetically isolated. Nasidze et al has reported high levels of genetic differentiation for both Y chromosome and mtDNA. This is due to isolation and small population sizes (Nasidze et al., 2004) . The HV1 mitochondrial DNA is unique to each population (Jaradat, personal communication) and linguistically they speak two different languages. The two populations are from an ancient lineage of the human race (Barbujani et al., 1994; Bulayeva, 2006; Nasidze et al., 2004) .
We looked at the incidence of various cancer types in these three populations and compared them to identify differences and similarities in an attempt to identify genetic versus environmental factors affecting certain types of cancers. We hypothesized that certain types of cancer will have unique incidences in particular ethnic populations because these populations are genetically predisposed to develop this type of cancer. Our rational is that these populations are one; genetically isolated; and two share the same environment with the other two; populations we are comparing to. This study will help in setting the stage to investigate the relevant risk factors that contribute to the development of various cancer types and encourage screening for cancer for prevention. As well as asserting the role of ethnicity in cancer genetics background for therapy.
In addition this is the first report on the rate of cancers in the Circassian and Chechan populations in Jordan and the Middle East.
Materials and Methods
Data collection
Approval from IRB committee of the Ministry of Health to access the cancer registry from 1996-2005 was obtained. Confidentiality of using registry data which includes names was handled cautiously.
Lists of family names for each population were compiled in cooperation with the Chechan and Circassian elders and local associations representing these two groups based on their records.
Cancer registry data for the Circassian and Chechan patients data using the family names for identification was filtered. The Chechan's population was estimated to be 10,000 while the Circassian's population to be 20,000. The female and male population in Circassians and Chechans were not estimated. The Jordanian total population was obtained from the Cancer Registry Report for the years 2000-2001. Upon identifying the Chechan and Circassian population by the family names, the rest of the Jordanian registry data was considered to be Arab Jordanians. Age and gender was obtained from Jordan Cancer Registry.
Statistical methods
Crude rates per 100,000 were calculated as follows; the number of new cancer diagnosed cases of each cancer type divided by the population in the specified time period multiplied by 100,000. Crude rates for each gender was not obtainable as the male and female population in Circassians and Chechens were not estimated. For crude rates' comparison of each population; Circassians and Chechens, with Arabs Jordanian, Population-to-Jordanian rate ratio (RR) for the most common types of cancer was calculated. A ratio greater than one indicates that Jordanian crude rate is less than the population's corresponding rate. 95% confidence interval (95% CI) for the rate ratio was also provided. A confidence interval which does not contain 1 (equal rates) shows that Arab Jordanian rate is significantly different from the population's rate for any particular cancer type. Confidence intervals were constructed based on the assumption that cancer counts follow a Poisson distribution. Logarithmic transformation was applied to rate ratios to obtain an approximately normal distribution. Confidence limits were back transformed to be presented in the original scale. The rate ratio's 95% confidence limits were calculated as follow: EXP [ln(RR) ± 1.96*SD(ln(RR))], where SD(ln(RR)) is the standard deviation of the logarithmic transformation of the rate ratio (ln(RR)).
Results
Based on the Jordan Cancer Registry, there were 33366 Arab Jordanians diagnosed with cancer during the years 1996-2005. On the other hand the total reported cancer cases in Circassians and Chechens were 216 and 102 respectively. In females, breast cancer is the most common cancer and represents about one third of female cancer cases in the three populations ; 32%, 36% and 37% of female cancer cases in Arab Jordanians, Circassians and Chechens respectively Figure 1 . Lung cancer is the most common cancer in male Arab Jordanians and Chechens constituting 10.8% and 13.2% of male cancer cases in these populations respectively Figure 1 . On the other hand prostate cancer is the most common cancer in male Circassians comprising 17.5% of total male cancer cases Figure 1E . Colorectal cancer follows breast cancer in frequency making up around 8% to 10% of the three female populations Figure 1 . Further details on specific cancer types are presented below.
Breast cancer
Breast cancer is the most common cancer type in the three populations, constituting 16.2%, 19.4% and 18.6% of the Arab Jordanians', Circassians' and Chechens' total cancer cases respectively Table 1 . The Circassians' breast cancer crude rate (21.0 per 100,000) was twice the Arab Jordanian's rate (10.5 per 100,000) with a rate ratio (95% CI) of 2.01 (1.48, 2.72) Table 2 . Similarly Chechens' breast cancer crude rate (19 per 100,000) was significantly higher than the Arab Jordanian's rate with a rate ratio (95% CI) of 1.82 (1.16, 2.85) Table 2 . Infiltrating duct carcinoma is the most common histology in the three populations Table  5 .
Lung cancer
Percentages of Lung cancer from the total cancer types was similar among the three population groups; which were 6.5%, 6% and 7.8% in the Arab Jordanians, Circassians and Chechens respectively Table 1 . The male to female ratio was 5:1 in Arab Jordanians, 1.6:1 in Circassians and 7:1 in Chechens Table 3 . Crude rate was 4.2, 6.5 and 8.0 cases per 100,000 in the Arab Jordanians, Circassians and Chechens respectively. That is, the probability of developing lung cancer in Circassians compared to Arab Jordanians was 1.54 with 95% CI= (0.89, 2.65) and Chechens' rate ratio (95% CI) was 1.89 (0.94, 3.79) Table 2 . The above data showed higher probability for developing lung cancer in Circassians and Chechens compared to Arab Jordanians but it did not reach statistical significance.
Colorectal cancer
Colorectal cancer which includes colon, rectum and rectosigmoid junction, constituted 9.3%, 12.5% and 5.9% of the Arab Jordanians', Circassians' and Chechens' total cancer cases respectively Table 1. The Colorectal cancer crude rate in Circassians (13.5 per 100,000) was over twice the corresponding rate in Arab Jordanians (6.5per 100,000). The Arab Jordanian rate was twice the Circassian rate with 95% CI of (1.49, 3.18) On the other hand, the crude rate in Chechens was similar to Arab Jordanian (6.0 per 100,000) with a rate ratio (95% CI) of 0.97 (0.43, 2.16) Table 2 .
Although there were more colorectal cancer cases in males compared to females in Arab Jordanian and Circassian populations, the gender difference was not large enough and the male to female ratio was almost 1:1.
Prostate cancer
The crude rate of prostate cancer among Arab Jordanians was 2.4 per 100,000, which was 4% of the total number of cancer cases Table 2 . A higher, though not significantly different, crude rate was found in the Chechan population with the corresponding rate of 4.0 per 100,000 and a rate ratio (95%CI) of 1.7 (0.62, 4.43) in reference to Arab Jordanian crude rate. In Circassians, the prostate cancer crude rate was 3.7 times that of Arab Jordanians with 95% CI of (2.34, 5.94) demonstrating a significant difference between the two rates Table 2 . In fact, prostate cancer constituted 8.3% of total cancer cases in Circassians which is twice the corresponding percentage in Arab Jordanians and Chechens.
Ovarian cancer
The Circassian population had a higher crude rate of ovarian cancer (3.0 per 100,000) than Arab Jordanian and Chechen populations with crude rates of 1.2 and 2.0 per 100,000 respectively. The rate ratio (95% CI) of Circassians and Chechens ovarian cancer in reference to Arab Jordanians was 2.6(1.16, 5.80) and 1.7 (0.43, 6.93) respectively Table 2 . Ovarian cancer comprised 1.8%, 2.8% and 2.0% of the Arab Jordanians', Circassians' and Chechens' total cancer respectively Table 1 .
Leukemia
The Leukemia crude rates in Circassians and Chechens (4.5 and 6.0 per 100,000) were higher than Arab Jordanians' crude rate of 3.1 per 100,000. The rate ratios DOI:http://dx.doi.org/10.7314/APJCP.2013 .14.10.6035 Comparison Cancer Incidence Rates among Circassians, Chechans and Arabs in Jordan (1996 (95% CI), in reference to Arab Jordanian rate, were 1.5 (0.76, 2.82) and 1.9 (0.88, 4.35) in Circassians and Chechens respectively Table 2 . The percentage of leukemia within all types of cancer, in respective order, was 4.7%, 4.2% and 5.9% in Arab Jordanians, Circassians and Chechens Table  2 . The adult to pediatric ratio was 6:1, 1.2:1 and 2:1 in the above three populations respectively Table 4 .
Lymphomas
Non Hodgkin's lymphoma compromised 2.3% of Arab Jordanians' and Circassians' cancer and 4.9% of Chechens' cancer Table 1 and 4. In Hodgkin's lymphoma, the Arab Jordanians' and Chechans' crude rates of 3% were higher than Circassians' crude rate of 1.5% Table 1 and 4.
Brain tumor
The Arab Jordanian brain tumor crude rate was 2.7 per 100,000, which was almost twice the Circassians' rate of 1.6 with 95% CI of the rate ratio of (0.18, 1.74). On the other hand, Chechens' brain cancer crude rate was 5.0 per 100,000; 1.9 times Arab Jordanian rate with a 95% of the rate ratio of (0.78, 4. 5) Table 2 . Brain tumor represented 4% and 5% of all cancer types in Arab Jordanians and Chechens while the corresponding percentage was 1.4% in Circassians Table 1 .
Discussion
This is the first report on the rates of cancer in the Circassian and Chechan populations in Jordan and the Middle East. The objective of this study was to determine the incidence of various cancer types in genetically isolated populations in Jordan. The central hypothesis for the proposed research is that the relative genetic homogeneity of certain genetically isolated populations in Jordan including Circassians and Chechens results in incidences of complex diseases that differ from the general Jordanian population that consists mostly of Arabs. The rationale for the proposed research is that, such inbred and selected populations tend to be ideal for investigating the genetic factors involved various cancer types.
In the cancers; stomach, bones, kidney and Hodgkins Lymphoma there were no differences among populations studied. Lung cancer is usually related to smoking rates in different populations. A study reported no significant difference between the Circassian, the Chechan and the Arab Jordanian populations in rates of smoking (Dajani et al., 2012) . Nevertheless our data, based on Jordan Cancer Registry data, showed higher probability for developing lung cancer in Circassians and Chechens compared to Jordanian Arabs though not significant. This correlates with the report that Circassians have a higher adenocarcinoma lung cancer risk than Jordanian Arabs general population based on the association shown of (MspI A2-BstUI A2) with lung adenocarcinoma (Mahasneh and Abdel-Hafiz, 2004) . It is worth noting here that the most common cancer in male Circassians is not lung cancer.
Colorectal cancer was higher in Circassians compared to both Chechans and Jordanian Arabs. Surprisingly colorectal cancer among male Chechans was much lower than female Chechans and other populations in the study. Colorectal cancer is related to cultural behaviour, nutrition intake, BMI and physical activities. In a nutrition study there was significant differences in nutrient intake between the Circassian and Chechan population (Dajani, unpublished data) . Chechans had lower BMI compared to Circassians who in turn have lower BMI compared to Jordanain Arabs (Dajani et al., 2013) . This indicates that there is a genetic component to the higher incidence of colorectal cancer among Circassians although they have a lower BMI compared to Arab Jordanians. Worldwide colorectal cancer is the third most common cancer in men (10%) and the second in women (9.4%) (Curado MP, 2007) . This increase may be due to increase in type two diabetes (Ajlouni et al., 2008; Yang et al., 2005) . It has been shown that colorectal cancer screening can be effective (Hawk and Levin, 2005) . In Jordan there is no screening for colorectal cancer. The incidence of breast cancer was higher in both Circassian and Chechan populations. Breast cancer is related to genetic, environmental and cultural factors. The rate of breast cancer and how it relates to awareness and educational levels in each population is important. The more educated the population; the higher the awareness towards early screening. This leads to early diagnosis and therefore higher reported rates. In another study we had shown that the educational levels of Circassians and Chechans was higher than Jordanians (Dajani et al., 2013) . In terms of genetics Circassians have a higher breast cancer risk than the Jordanian general population based on the shown association of (16bp A1-MspI A2) with breast cancer (Mahasneh and Abdel-Hafiz, 2004) .
Circassians had a lower rate of brain cancer compared to Jordanian Arabs and Chechans. Since brain cancer is mostly genetic this would be interesting to study to shed light on the underlying genetic mechanisms of cancer. Circassians also showed a lower rate of Hodgkins lymphoma.
On the other hand Circassians had a higher rate of ovarian cancer and prostate cancer. Surprisingly, prostate cancer was the number one most common cancer in male Circassians compared to other populations in the study where lung cancer was more common. Prostate cancer has a genetic component.
There were no differences in the rates of Leukemia in all three populations. Leukemia has both environmental and geographical bases. There was a higher incidence of leukemia in Arab Jordanian pediatrics.
The differences in rates in cancer in general are attributed to differences in lifestyle including smoking, eating habits and physical activities and/or genetics. Although there are differences in lifestyles between Arab Jordanians and Circassians and/or Chechans we can attribute differences in cancer rates to genetics since the three populations share the same environment but are genetically very different.
Increasing incidence of cancer and its economic impact worldwide impose upon us to search for methods of early detection in order to lessen the crisis. In cancers where there is a clear genetic component this becomes very relevant. The presence of genetically isolated populations to study these particular types of cancer is rare and becoming even more rare with globalization and loss of cultural barriers among the young. Thus it is imperative to study these populations to try to identify genetic trends. In addition the majority of studies that have been conducted worldwide in studying the genetic components of cancer have been performed on European populations. There is a need to conduct studies on other world populations to discover novel risk factors from populations of different lineages that may shed new light on the genetic basis of diseases especially if we are to apply the discoveries on other populations.
This study sets the base for research into the genetic basis of cancer in these ethnic populations. Such inbred and selected populations tend to be ideal for investigating the genetic factors involved in various cancer types.
